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Greatest Engineering Achievements
oF THE 20™ CENTURY

Grand Challenges for Engineering

+ Ahout

+ Timeline

+ The Book

Welcome!
How many of the 20th century's greatest enginesring
achievements will you use today?® A car? Computer? Telephone?
Explare our list of the top 20 achievernents and learn how
engineering shaped a century and changed the warld.
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Make zolar energy
econatmical

Manage the
nitrogen cycle

Achvance health
infarmatics

| Prevent nuclear
terrar

Advance
personalized
learning

www.engineeringchallenges.org

14 Grand Challenges of NAE

Provide energy
fram fusion

Provide accessto
clean water

Enginesr hetter
medicines

| Secure

cyherzpace

Engineer the toolz
of scientific
dizcovery

Develop carbon
zequestration
methods

Festore and
improve urban
infraztructure

Feverze-endginesr
the brain

Enhance virtual
reality



- u Relevance to CEE

USC Viterbi ——— I“

e Provide access to clean water

School of Engineering —

. Restore and improve urban
infrastructure

Develop carbon sequestration
methods
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Where does our water supply come from?
What is desalination?

What other technologies will provide clean
water?

Provide

¢ ¢ & @ & @& @ @ & 92 & * & 9 & O O ° & P O 0 0 " 0

access to clean water

hen Samuel Taylor Coleridge wrote

“water, water, everywhere, nor any drop
to drink,” he did not have the 21st century’s
global water situation in mind. But allowing for
poetic license, he wasn't far from correct. Today, the
availability of water for drinking and other uses is a critical
problem in many areas of the world.
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What is involved in maintaining infrastructure?

How can you improve transportation
systems?

How do you build better infrastructure?

| Restore and improve
0__# *‘“-l_ql= lll'I\..'_"I!l'l'.......-i
gk ’T 4»;,?{. urban infrastructure
- 3

1% .Ei'
Ee 2 '-’ oy 1....:"-'1 -
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n 2005, the American Society of Civil
Engineers issued a report card, grading
various categories of U.S. infrastructure.

The average grade was "D.”
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How do you make solar energy more economical?

How do you store solar energy?

Make solar energy

economical

As a source of energy, nothing matches the
sun. It out-powers anything that human
technology could ever produce. Only a small fraction
of the sun’s power output strikes the Earth, but even
that provides 10,000 times as much as all the commercial
energy that humans use on the planet.
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How do you capture CO2?

How do you store CO2?

Develop carbon

sequestration methods

he growth in emissions of carbon dioxide,

implicated as a prime contributor to global
warming, is a problem that can no longer be swept
under the rug. But perhaps it can be buried deep under-
ground or beneath the ocean.




» Grand Challenges in Engineering
 Civil Engineering and Infrastructure
* Megacities and Urban Infrastructure
« Remote Sensing in Civil Engineering
» Future Applications
 Recommendations




USC Viterbi

School of Engineering

Civil Engineering

 Civil engineering is the second oldest
engineering discipline after military engineering.

* The term “civil engineering” was coined to
differentiate from military engineering.

 Civil engineers design and build not only
buildings and bridges but also infrastructures.
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-2000

-1000

0
Years

1000

2000

3000

2700 BC
2600 BC

2570 BC

1311
1549
1625

1647

1874

1876

1880

1884

1889

1930

1931

1967

1975

2007

Name and Location

Pyramid of Djoser, Egypt
Red Pyramid of Sneferu, Egypt

Great Pyramid of Giza in Egypt

Lincoln Cathedral in England

St. Olaf's Church in Tallinn, Estonia

St. Mary's Church in Stralsund, Germany

Strasbourg Cathedral in France

St. Nikolai in Hamburg, Germany

Cathédrale Notre Dame in Rouen, France

Cologne Cathedral in Germany

Washington Monument in Washington D.C., United States

Eiffel Tower in Paris, France

Chrysler Building in New York, United States

Empire State Building in New York, United States

Ostankino Tower in Moscow, Russia
CN Tower in Toronto, Canada

Burj Khalifa in Dubai, United Arab Emirates

Height
(meters)

62
105

146

160
159
151

142
147
151

157

169

300
319
381
537

5563

828
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Willis Tower

Location: Chicago
S Bilt in: 1974
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Tallest Structures

Tapei 101
Location: T el, Ta|warL
Height: 509
Built in: 200
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« Warsaw Radio Mast

« Location: Warsaw, Poland
« Height: 646 m

« Builtin: 1974

« Collapsed in: 1991

Tallest Structures
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Burj Khalifa
Location: Dubal
Height: 828 m
Built in: 2007




"USC Viterbi

School of Engineering

« Pontchartrain Causeway
» Location: Louisiana

* Length: 38,442 m
 Builtin: 1956

Longest Bridges

Donghai Bridge
Location: People's Republic
of China

Length: 32,500 m
Built in: 2005




"USC Viterbi

School of Engineering

Hangzhou Bay Bridge

Carries 6 lanes of
expressway

Crosses Hangzhou Bay

Locale Jiaxing / Cixi
City People's

Republic of China

Total length  35.673 km

(22 mi)
Longest 448 m (1,470 ft)
o .
Opened 2008
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No. 9 Golden Gate Bridge
(No. 1 from 1937 until 1964)

Main Span (m) 1,280
Year Opened 1937

No. 1 Akashi-Kaikyo Bridge

Main Span (m) 1,991
Year Opened 1998
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ASCE

American Society of Civil Engineers
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http://www.infrastructurereportcard.org/report-cards
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A = Exceptional
B = Good

€ =Medioccre
D = Poor

F = Falling

Aviation

Eridges

Dams

Drinking Walter
Energy
Hagzardous Waste
Inland Waterways
Levees

Public Parks and Recreation
Rail

Hoads

sSchools

Solid Waste
Transit

Wastewater

AMERICA'S
INFRASTRUCTURE G-F.A.

RSTIMATED 5 YEAR $2.2
INVESTMENT NEED TRILLION
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* HOME * REPORT CARDS * STATES * CATEGORIES % SOLUTIONS * TAKE ACTION * NEWSROOM
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It's Your State Get Involved Take Our Poll

What's the state of your State's Join Qur Facebook Group:
infrastructure? Find out now "Save America’s Infrastructure™

ASCE Member? Be a Key Contact
Ke’y Sﬂlutmns Meet the New Kid on the Blograll

ASCE and Building America’s Future Call

ASCE offers five ambitious ways to raise o Maon-tmirashuchne Bank
the grades. Read them.

ARRA's Doing What It's Supposed to Do

USC

CENTER ON

COPYRIGHT €2009 | PRIVACY | TERMS AND CONDITIONS | CONTACT US




EhS(.:f\E"gterb'g ASCE Report Card: D
Dams

FIGURE 1!. 1 % Number of High Hazard Dams in the United States

11,000

10,000

9,000

8’000 1 1 1 1 1 1 1 1 1 [ ]
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

SOURCE Association of State Dam Safety Officials
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Levees

TABLE 4:!:. 1 * Damages from Flooding in Levee-Related Areas

LOCATION/YEAR DAMAGES IN DOLLARS
Midwest 1993 $272.872.070
North Dakota/Minnesota 1997 $152,039,604
Hurricane Katrina 2005 $16,467,524,782
Midwest 2008 $583,596,400

SOURCE National Committee on Levee Safety

USC
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Drinking Water

TABLE 2.2 % Water Usage: 1950 and 2000

PERCENT

1950 2000 CHANGE

Population (Millions) 934 242 159%
Usage (Billions of Gallons per Day) 14 43 207%
Per Capita Usage (Gallons per Person per Day) 149 179 20%

SOURCE us EPA Clean Water and Drinking Water Infrastructure Gap
Analysis Report, September 2002

USC
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Ehs?f\!':erb; Drinking Water — National D-

Leaking pipes lose an estimated 7 billion
of clean drinking water a day
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National Statistics

« Total value of water supply networks is
estimated at $4.8 billion per million population

« 26% of US water systems are unlined cast iron
and steel in poor condition with a replacement
value of $348 billion

* Inthe US, 2 million miles of pipeline, mostly
buried and hard to access
250,000 to 300,000 “breaks” per year

« USGS Reports 6 billion gal/year are “losses or public
use”- enough to supply the 10 largest US cities
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Solid Waste

FIGURE 5. 1 % Percent of Municipal Solid Waste that is Recycled:

1960-200%7

35%
30%
25%
20% 5 2
FIGURE <J.Ay % Components of Municipal Solid Waste
15% (254 million tons generated in 2007)
10%
Paper,
50, L 1 L L 1 1 1 L L 1 J % OF MSW paper board Yard trimmings
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2007
Paper, paper board 32.7 Food
7
Yard trimmings 12.8 scraps
SOURCE £pA Facts and Figures about Municipal Solid Waste, 2008 Food scraps 192.5
Plastics 12.1
Metals 9.2 Other #. Plastics
Rubber, leather, textiles 7.6 Sl
Wood
Wood 5.8 RERL
Rubber,
Glass 5.3 leather,
Other 39 textiles

USC
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SOURCE A Facts and Figures About Municipal Solid Waste, 2008
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Bridges

TABLE 8. 1 * U.S. Bridge Statistics

1998 1999 2000 200l 2002 2003 2004 2005 2006 2007

All Bridges 582,976 585,542 589,674 589,685 590,887 591,940 593,813 595,363 597,340 599,766

Urban 128,312 130,339 133.384 133,401 135,339 135.415 137,598 142.408 146,041 151,171
Rural 454664 455,203 456,290 456,284 455,548 456,525 456,215 452,955 451,299 448,595
Structurally
Deficient

Bridges, Total 93,072 88,150 86.692 83,595 81,261 79,775 T7.752 75,923 73,784 72,520

Urban 14,073 12.967 NA 12,705 12,503 12.316 12,175 12,600 12,585 12,951
Rural 78,999 75,183 NA 70,890 68,758 67,459 65,577 63,323 61,199 59,569
Functionally
Obsolete

Bridges, Total 79,500 81,900 81,510 81,439 81,537 80,990 80,567 80,412 80,317 79,804
Urban 27,588 26,095 29,398 29,383 29,675 29.886 30,298 31,391 32,292 33,139
Rural 51,912 52,835 52,112 52,056 51,862 51,104 50,269 49,021 48,025 46.665

NA = Not Available
SUUHE[ Transportation Statistics Annual Report, U.S. Department of Transportation, Bureau of Transportation Statistics, 2008

USC
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Bridges

FIGURE 8. 1 % Percent of Deficient Bridges in the United States

32%
31%
30%
29%
28%
2'7%

26%
1 1 1 1 1 1 1 1 1 ]

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

0,

Urban bridges — el A]] bridges

#2000 data not available

SUUHE[ State Transportation Statistics: 2007, U.S. Department of Transportation,
Bureau of Transportation Statistics, 2008
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By 2008, for
the first time
In history, half
of the world's
population will
live in urban
areas.

Source:
United
Nations, 2005
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World Urbanization
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Population TO DAY
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Earth at Night Astronomy Picture of the Day
More information available at: 2002 August 11
http://antwrp.gsfc.nasa.gov/apod/ap020811.html http://antwrp.gsfc.nasa.gov/apod/astropix.html
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S Characteristics of Megacities

« Have high concentration of people, values and
infrastructure
« Have high interconnectivity within region/country/continent /

world
* Interdependent flow of goods, finance and information

 global cities: gateways of regional markets

« Have infrastructures that are enormous, aging, fragmented,
complicated and interdependent
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SECOND EDITION

Remote Sensing
of the Environment

An Earth Resource Perspective

L W ?.—.-r

ppliedRenote | ICNSING

Sensing for Urban il by
Planning, Governance ... “Qihao Weng

and Sustainability Daleﬂggtmcm .=y

NP
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b S

‘-?_:l Springer

John R. Jensen
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in Civil Engineering

 Airborne Stereo Photogrammetry

« Elevation maps
» Displacement (false relief)/ Soil liquefaction

 Airborne LIDAR

« High-resolution elevation maps
« (Coastal erosion

» Landsliding
« Satellite/Optical imagery



USC Viterbi .
School of Er!gineerinlg RemOte SenS|ng and

Civil Engineering

 Civil engineers are mainly using optical data
* Photogrammetry from aerial photographs
* Displacements from photogrammetry
* Visual analysis of damage using satellite imagery
« Altimetry

 Civil engineers are moving toward
 LIDAR for 3D images
- inSAR and PSinSAR

 Civil engineers have still to explore other more
sophisticated remote sensing, e.g. hyperspectral

sensi
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1971 San
Fernando
earthquake
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Ground Displacements from
Stereo Photogrammetry
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Soil Liquefaction
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Courtesy of
M. Hamada

1995 Kobe earthquake, Port Island
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Liquefaction-Induced Ground Deformation
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e SPT

/\/ Vector (x50)
/\/ Kobe_bound

500 Meters

Measured
displacement and
geotechnical
boreholes
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High Resolution Topography
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Central Florida
The Netherlands
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« Reconnaissance of 2004 Niigata-
ken Chuetsu Earthquake in Japan

 Thousands of landslides
» Difficult access

* Annotated IKONOS image from C.
Scawthorn of Kyoto Univerisity

« Landslides visually identified
» Liquefaction identified

* Notes regarding damage, ground
motions, previous reconnaissance
activities

USC
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Landslides

Ojiya City

population 42,000

] 1E-X

PG4 1.3g recorded next to
a RC school which had

no apparent cracks.
Significant damage in town

Approx region of aftershocks
extends off map ta the east of this red line

Other
Strong shaking about 10+ seconds
Highest recordings PGA = 1.59

Little damage to structures and buildings, a few modem buidings damaged
& documented fire ignitions, none major

MNo damage to Magaoka WTP

Sighificant damage but little disruption to Ojiya WTP
widespread but sporadic liquetaction

ROTATIONAL SLIDE

O DEBRIS SLIDE

LARGE PERM AMEMT
() GROUMD DEFORMATION

O NATURAL DAM
0 LIQUEFACTION

\ ROAD STRUCTURE
DAMAGE

. CUT AND FILL FAILURE
—N  RRDAMAGE

e

Shinkansen Derailment
{high speed train}

white mck (Shiroiwa) slide

motherand 2 children buried
2 yrold boy rescued after4 days,
Kayen LIDAR site

Epicenter appros
373N 13BBE

Yamakoshi and ather
hamlets in the
area. Population ~2000

Town of Kawaguchi

population 3700

about 25% haousing

collapsed, MMl ¥ - X1

Above source zone

Major PGDs. Some damage

to modem buildings. YWater pipe
and rail lines trashed

Shinkansen bridge damage
(piers failed in shear)

Map and data
courtesy Charie Scawthom
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M 7 9m 200 km of fault rupture

» Affected area larger
than 10,000 km?
"‘:..  Significant

7 landslides in
mountainous area

’_Qzlhicltena

%ﬁ . N ...i ,”
Maowen Clly

« Courtesy of Rathje,
2010

s N 1C'-| 1404{]1 E ealey
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. LANDSAT Imagery

— Cloud-free pre-event imagery (April 2007/2008)

— Post-event imagery (May 2008) with significant cloud
cover at edge of mountains

« High-resolution data

— Post-event IKONOS (IK) imagery purchased by USGS
and made available to researchers

— Pre- and post-event Quickbird (QB) imagery purchased
by Remote Sensing Consortium over localized areas
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Post-event IKONOS

U TN
L

Pre-event
LANDSAT

~5km x 5 km area

Post-event
LANDSAT

USC Courtesy of E. Rathje
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Wenchuan EQ

« Heavy concentration of
landslides near Ying Xiu
and Miansi

 Fewer landslides to the
west of epicenter

« Courtesy of E. Rathje

. Landslides
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- LANDSAT Analysis

IK Visual Interpretation

1030VE 0331 TE 103320°E 1037330 103390 103°350°E 103 WOE

103320 103*330E W03UVE 1033E0E

W0FNTE 03N0E 103330 10330E

B 4 km S Courtesy of E. Rathje
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Soterol Ying Xiu (PGA~0.96 g)

LANDSAT Analysis OB Visual Interpretation

[ Landslides

Urban damage

2 km
>

Courtesy of
E. Rathje




ggc?of\lillgeel;blg SAR applications

in Civil Engineering

 Damage assessment
« Earthquake/ Change in reflectance

Ground subsidence due to water removal
Tectonic strains around faults
Landsliding

« Small displacement/large areas



INSAR Workshop
Summary Report

October 20-22, 2004

Oxnard, California

Sponsored by: National Asronautics and Space Administration (MASA),
Mational Sciance Foundation (MSF), and United States Geclogical

Survey (USGS)

Prepared by

Reports Committes

InSAR Working Group
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LandSAT Adapazan Turkey

SAR reflectance data
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USC Viterbl SAR Interferometry:
Ground Subsidence

School of Engineering

WWWw.npagroup.com

Pomona
G. Pelzer, 1997
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School of Engineering Permanent Scatterer InSAR
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Change Rate (mm/fyr)
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EARTH SOLAR SYSTEM STARS & GALAXIES SCIENCE & TECHNOLOGY
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Total Number of flightlines with data on the map: 121
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School of Engineering Cha”enges

« PSINSAR freeware is not trivial to use for
civil engineers

» Steep learning curve

» PSINSAR professional software is
expensive

* High cost of SAR photos



ggﬁ)f\!lgeezb:; Other Applications

in Civil Engineering

Air Pollution

e Tsunamis

Ground Deformation and Surface Faulting
« High Speed Rail

« Water Distribution System



USC Viterbi Effects of Air Pollution and Microclimates
on Public Health in Megacities

School of Engineering

Fine particulate matter (PM)
and other pollutants are
associated with premature
mortality and respiratory
and cardiovascular disease,
resulting in serious impacts

to urban publi



USC Viterbi

School of Engineering

Courtesy of
C. Sioutas

PM Size Distributions
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Air Pollution

Y. Liu, C. J. Paciorek, and P.
Koutrakis, 2009,“Estimating
Particle Sulfate Concentrations
Using MISR Retrieved Aerosol
Properties,” IEEE Journal of
Selected Topics in Applied Earth
Observations and Remote Sensing
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J. C. Borrero,
Science, 2005

Satellite image of
Banda Aceh after
tsunami, draped
over a 500-m DEM.
Yellow line is the

shoreline from
before the tsunami.
The red line

- identifies the extent

- of inundation.

- Red dots show
measurement
locations of flow
depth or direction.
Numbers show
indicative
measurements.




USC Viterbi Remote Sensing:
School of Engineering )
Tsunamis

« RADAR ALTIMETERS on-board the Jason-1,
TOPEX, Envisat, and GFO satellites obtained
profiles of sea surface height on transects across
the Indian Ocean between two and nine hours after
the December 26 Sumatra earthquake.

« The data are received hours to days after “real
time,” too late to be used in detection and warning
of tsunamis.

« Analysis of altimeter data was facilitated by
“RADS,” the Radar Altimeter Database System (M.
Naelije et al., 2002)
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« Grand Challenges in Engineering
 Civil Engineering and Infrastructure
* Megacities and Urban Infrastructure
« Remote Sensing in Civil Engineering
* Future Applications
 Recommendations
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USC Viterbi .
School of Engineering COﬂCIUSlOnS

« Civil engineers design, build and operate not only bridges and
buildings, but also infrastructures

« ASCE awarded a D grade to our infrastructures

» Civil engineers are familiar with optical imageries, but not as much
with SAR and more advanced remote sensing applications

« PSInSAR processing tools need to be more user-friendly and less
expensive

« UAVSAR offers a myriad of possibilities for urban infrastructures

« There are many potential applications of remote sensing in civil
engineering as we reinvent/rebuild the infrastructure of the 215!
century



